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I«  INTRODUCTION 


.•  :•  Jr  CvT/  f. 


Introduction 


Hippocrates  (  460-357  B„C0  )  was  perhaps  the  first 
physician  to  describe  epilepsy  as  an  organically  based 
and  treatable  disease  (  83,84  )„  His  scientific  approach 
to  this  convulsive  disorder  provided  a  sound  basis  for 
the  further  acquisition  of  knowledge  about  this  morbid 
process.  However,  it  was  the  teachings  of  Hippocrates 
and  not  his  approach  which  man  chose  to  perpetuate,  and 
in  so  doing,  chose  to  wallow  for  centuries  in  not  so 
blissful  ignorance. 

The  medical  treatment  of  epilepsy,  in  particular, 
suffered  from  the  want  of  a  logical  and  critical  approach,, 
As  a  consequence,  it  was  not  until  1857  that  a  truly 
effective  anticonvulsant  was  discovered,.  In  that  year, 

Dr.  Edward  H.  Sieveking,  an  English  physician,  reported 
the  cure  of  a  woman  suffering  from  "  uterine  epilepsy  M 
by  the  administration  of  bromide  of  potassium  (  52  )„  In 
1859,  Samuel  Wilks  (  64  )  formally  introduced  bromide  of 
potassium  as  the  drug  of  choice  in  the  treatment  of  con¬ 
vulsive  disorders,  and  shortly  thereafter,  this  drug  was 
in  wide  use  throughout  England.  Since  that  time  and  con¬ 
tinuing  up  to  the  present,  an  intensive  search  has  been 
carried  on  in  the  hopes  of  finding  anticonvulsants  even 
more  effective  than  the  bromides.  As  a  direct  result  of 
this  investigative  effort,  drugs  such  as  phenobarbital , 
diphenylhydantoin ,  and  primidone  became  available  to 
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physicians . 

The  surgical  treatment  of  epilepsy  has  had  an  igno¬ 
minious  history  dating  back  to  the  Neolithic  period  of 
man  in  Europe  and  of  the  early  Incas  of  Peru  (  64,84  )» 
This  mode  of  treatment  primarily  utilized  the  technique 
of  trepanation,  a  procedure  that  remained  in  vogue  until 
the  coming  of  the  Dark  Ages  when  it  fell  into  disfavor. 
However,  with  the  coming  of  the  Renaissance,  trepanation 
was  again  widely  practiced  and  again  with  very  poor  re¬ 
sults.  As  Penfield  (  64  )  points  out,  it  was  not  until 
the  development  of  the  aseptic  technique,  the  establish¬ 
ment  of  the  principle  of  cerebral  localization,  and  the 
discovery  of  adequate  anesthesia  that  the  modern  surgical 
approach  to  epilepsy  became  possible 0 

Despite  the  advances  in  the  medical  and  surgical 
treatment  of  epilepsy,  results  of  such  treatment,  singly 
or  combined,  have  not  been  entirely  satisfactory  and  will 
probably  continue  to  be  unsatisfactory  until  more  is 
learned  about  the  nature  of  this  disorder.  It  is  toward 
the  end  of  learning  more  about  the  epileptic  processes, 
utilizing  the  techniques  of  electrical  stimulation  and 
drug-induced  seizures,  that  this  investigation  is  under¬ 
taken.  In  the  following  paragraphs,  evidence  will  be 
presented  which  suggests  that  the  caudate  nucleus  and 
the  mesencephalic  reticular  activating  system  (  RAS  )  in 
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particular,  might  well  have  a  role  in  the  regulation  of 
seizure  activity. 


The  Caudate  Nucleus 

The  caudate  nucleus  has  long  been  assigned  an  in¬ 
hibitory  function  in  the  lower  motor  sphere  (  53,55  ). 
However,  the  investigative  work  carried  out  by  Dusser  De 
Barenne,  Garol,  and  McCulloch  (  26  )  indicated  that  the 
caudate  nucleus  might  be  involved  in  more  general  cere¬ 
bral  processes.  Their  work,  in  which  the  technique  now 
known  as  physiological  neuronography  was  utilized,  re¬ 
vealed  the  existence  of  direct  corticostriate  fibers.  In 
addition  and  of  greater  import,  their  work  suggested  that 
the  caudate  nucleus  might  be  able  to  effect  electrocorti- 
cal  suppression  by  somehow  affecting  the  nuclei  of  the 
thalamus • 

Anatomical  studies  undertaken  around  this  time 
elucidated  the  pathways  by  which  the  caudate  could  affect 
the  cerebral  cortex  by  way  of  the  thalamus.  Both  Papez 
and  Hanson  saw  fibers  running  from  the  head  of  the  caud¬ 
ate  nucleus  to  the  globus  pallidus.  However,  some  contro¬ 
versy  arose  as  to  the  major  termination  of  the  pallidal 
outflow.  Papez  (  63  )  maintained  that  the  pallidal  fibers 
terminated  in  the  nucleus  ventralis  lateralis  of  the 
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thalamus  whereas  Ranson  (  70  )  held  that  the  fibers  main¬ 
ly  terminated  in  the  nucleus  ventralis  anterior.  It  is  now 
said  that  the  portion  of  the  pallidal  outflow  influenced 
by  the  caudate  terminates  in  the  nucleus  ventralis  anteri¬ 
or  (  49  )  . 

More  recent  anatomical  studies  have  shown  that  the 
caudate  also  gives  rise  to  fibers  that  terminate  in  the 
cortex  (  56  )0  In  addition,  the  work  of  Nauta  and  Whit¬ 
lock  (  61  )  has  shown  that  the  head  of  the  caudate  re¬ 
ceives  projections  from  the  intralaminar  and  midline 
thalamic  nuclei o 

A  brief  summary  has  been  presented  of  the  anatomi¬ 
cal  work  linking  the  caudate  to  the  nucleus  ventralis 
anterior  and  to  the  intralaminar  and  midline  nuclei  of 
the  thalamus,  Electrophysiologic  studies  have  been  per¬ 
formed  which  confirm  these  caudate  projections  (  77  ) * 

The  significance  of  the  above  connections  is  con¬ 
siderable  and  is  best  appreciated  by  a  short  discussion 
of  the  "  diffuse  thalamocortical  projection  system.  " 
Beginning  with  the  work  of  Dempsey  and  Morison  (  24, 

57-59  ),  an  intensive  investigation  began  of  the  raid¬ 
line  thalamic  nuclei.  Dempsey  and  Morison  found  that  low 
frequency  stimulation  (  5-15  c./s.  )  of  these  nuclei  gave 
rise  to  what  they  called  the  "  recruiting  response.  ” 

These  recruiting  potentials  appeared  in  widespread  areas 
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of  the  cortex.  Subsequent  investigations  (  44,79  )  eventu 
ally  identified  the  various  thalamic  nuclei  which  gave 
rise  to  this  cortical  response.  Jasper  (  44  )  listed  the 
paracentral,  central  lateral,  centrum  medianum,  rhom¬ 
boid,  central  medial  and  the  reticular  nuclei.  Starzl 
and  Magoun  (  79  ) ,  however,  differed  with  Jasper  and 
presented  a  slightly  different  list.  These  investigators 
included  the  centre  median,  intralaminar,  anterior,  the 
ventralis  anterior,  and  only  the  anterior  reticular 
nuclei.  These  nuclei  which  constitute  the  "  diffuse 
thalamocortical  projection  system  "  have  all  been  found 
to  be  capable  of  regulating  the  electrical  activity  of 
large  cortical  areas,  in  particular,  the  associational 
regions  of  the  hemispheres  (  34,45,79,81,86  ). 

This  diffuse  projection  system  appears  to  be  a 
rostral  extension  of  the  midbrain  reticular  system 
(  43,44  ).  High  frequency  stimulation  of  its  constituent 
nuclei  will  induce  an  activation  response  in  the  cerebral 
cortex  (  44,79  ) .  However,  it  is  important  to  point  out 
that  when  the  nuclei  of  the  diffuse  projection  system 
are  destroyed,  brain  stem  reticular  system  stimulation 
still  results  in  cortical  activation  (  69,80  ) . 

In  view  of  the  capabilities  of  this  diffuse  pro¬ 
jection  system  and  of  the  association  of  the  caudate 
with  it,  it  was  not  surprising  that  Shimamoto  and  Ver- 
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zeano  (  77  )  showed  that  high  frequency  stimulation  of 
the  head  of  the  caudate  resulted  in  the  desynchroniza¬ 
tion  of  the  electrothalamogram ,  which,  in  turn,  was 
followed  by  the  desynchronization  of  the  electrocorti- 
cogram.  On  the  basis  of  their  findings,  these  investi¬ 
gators  went  on  to  suggest  that  the  caudate  was  able  to 
influence  "  cerebral  processes  related  to  alerting, 
direction  of  attention,  and  maintainance  of  wakefulness. 

So  far,  much  has  been  said  regarding  the  activating 
capabilities  of  high  frequency  stimulation  of  the  caud¬ 
ate.  However,  recent  work  has  suggested  that  this  struc¬ 
ture  may  also  have  an  inhibitory  function  outside  of  the 
motor  sphere.  Heath  and  Hodes  (  35  )  have  shown  that  a 
stimulating  current  directed  toward  the  caudate  will 
produce  sleep  in  man  and  monkeys.  Akert  and  Anderson 
(  2  )  showed  that  low  frequency  stimulation  of  this 
structure  resulted  in  generalized  inactivation  in  the 
freely  moving  animal.  Buchwald  and  co-workers  (  18-18, 

36  )  have  suggested  that  low  frequency  stimulation  of 
the  caudate  is  associated  with  behavioral  inhibition 
and  inhibition  of  learning.,  Finally,  Spehlman  (  78  ) , 
using  microelectrodes,  demonstrated  the  inhibitory  in¬ 
fluence  of  low  frequency  caudate  stimulation  on  the  fir¬ 
ing  of  neurons  of  the  motor  cortex. 

Evidence  in  support  of  the  inhibitory  nature  of  low 
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frequency  stimulation  of  the  caudate  nucleus  has  been 
presented  above.  However,  some  investigators  have  sug¬ 
gested  that  high  frequency  stimulation  of  this  structure 
also  results  in  ascending  inhibition.  Demestrescu  and 
Demestrescu  (  23  )  have  shown  that  high  frequency  stim¬ 
ulation  (  12  V.,  3  msec,  duration.,  40  c./s.  )  of  the 
caudate  suppressed  cortical  evoked  responses  recorded 
from  the  auditory,  visual,  and  somesthetic  cortex  elicit¬ 
ed  by  stimulation  of  the  medial  geniculate  body,  lateral 
geniculate  body,  and  the  ventralis  posterolateralis 
nuclei  respectively.  It  is  pertinent  to  point  out  at  this 
time  that  Jasper  (  46  )  has  cautioned  that  "  the  use  of 
evoked  potentials  to  determine  the  presence  of  inhibitory 
states  in  the  brain  is  hazardous.  "  He  further  indicated 
that  it  would  be  wise  to  check  such  results,  where  feasi¬ 
ble,  using  the  microelectrode  technique. 

Jasper's  admonition  seems  applicable  to  the  in¬ 
vestigation  of  Demestrescu  and  Demestrescu  (  23  ) . 

Li  (  51  )  recorded  a  striking  intensification  of  the 
unit  spike  discharge  of  cortical  nerve  cells  when  their 
response,  evoked  by  a  volley  of  specific  impulses,  was 
conditioned  by  a  non-specific  volley.  Simultaneously, 
the  evoked  potential  was  markedly  suppressed.  It  is 
significant  to  add  that  intensification  of  unit  spike 
discharges  is  an  indication  of  facilitation  (  13  ) . 
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Thus,  it  would  appear  that  in  the  first  investi¬ 
gation  (  23  )  the  non-specific  volley  was  obtained  in¬ 
directly  by  means  of  caudate  stimulation 0  Evidence 
supporting  the  capability  of  high  frequency  stimulation 
of  the  caudate  to  give  rise  to  a  non-specific  volley  has 
been  given  previously  (77  ).  Resolution  of  this  conflict 
of  interpretation  could  be  obtained  by  studying  the  effects 
of  high  frequency  stimulation  of  the  caudate  while  re¬ 
cording  from  the  cortex  by  means  of  microelectrodes. 

Evidence  suggestive  of  an  inhibitory  function  of 
the  caudate  on  seizure  activity  has  been  obtained  with¬ 
out  electrical  stimulation.  Jung  (  47  )  induced  seizures 
by  means  of  the  electroshock  technique  and  then  observ¬ 
ed  the  recordings  from  various  cortical  and  subcortical 
sites.  He  noticed  that  large,  regular  slow  waves  arose 
in  the  caudate  that  coincided  with  the  relaxation  peri¬ 
ods  in  the  clonic  movements  and  that  these  same  waves 
appeared  interposed  between  the  fast  rhythms  recorded 
from  the  cortex  and  thalamus.  Gastaut  and  Fischer- 
Williams  (  32  ) ,  commenting  on  Jung’s  recordings,  sug¬ 
gested  that  these  waves  rhythmically  interrupted  the  dis¬ 
charge  of  spikes.  In  addition,  they  stated  that  "  the 
slow  wave  represents  not  a  convulsion  wave  but  a  veri¬ 
table  state  of  neuronal  depression  linked  to  a  phenomenon 
of  active  inhibition  (  the  ’  braking  1  wave  of  Jung, 
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the  phylactic  wave  of  Walter,  or  the  inhibitory  wave  of 
Gastaut,  )  "  These  investigators,  after  perusing  data 
available  up  to  1959,  then  suggested  that  a  "  thalamo- 
caudate  inhibitory  system  n  might  well  exist  which  would 
actively  inhibit  the  thalamic  reticular  system  as  well 
as  that  of  the  caudal  brain  stem  an d  thereby  "  prevent 
the  discharge  of  cortical  spikes  at  the  same  time  as  the 
peripheral  contraction.  "  This  speculative  theory  has  not 
been  subjected  to  rigorous  experimental  validation,. 

The  foregoing  discussion  has  suggested  that  the 
caudate  has  an  inhibitory  as  well  as  an  activating  role 
outside  of  the  motor  sphere.  However,  the  evidence  for 
an  inhibitory  function  attributable  to  this  structure  has 
been  difficult  to  interpret,  and  in  the  end,  one  has  been 
left  with  only  the  demonstrations  themselves.  On  the  other 
hand,  it  is  likely  that  the  suppressive,  in  distinction 
to  inhibitory,  effect  that  the  caudate  has  on  evoked 
potentials  (  23  )  is  mediated  through  the  ascending 
reticular  activating  system  (  RAS  )  and  is  a  manifesta¬ 
tion  of  its  activating  capabilities.  Therefore,  an  exam¬ 
ination  of  the  RAS  itself  is  indicated,. 

The  Ascending  Reticular  Activating  System 


Beginning  with  the  observations  of  Moruzzi  and 
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Mag  oil  n  (  60  ),  an  intensive  study  commenced  of  an  ex¬ 
tremely  fascinating  and  complex  centrally  located  brain 
stem  structure  now  called  the  reticular  activating  system 
(  RAS  )•  One  of  the  first  discoveries  concerning  this 
system  was  that  electrical  stimulation  (  low  voltage, 
high  frequency  )  of  this  structure  could  convert  an  EEG 
recording  characteristic  of  sleep  to  that  of  arousal  or 
alert  wakefulness,  i.e.  low  voltage,  fast  activity,  and 
accompanied  by  physical  signs  of  arousal.  Although  much 
effort  has  been  successfully  expended  in  the  elucidation 
of  the  functional  and  anatomical  interrelationships  of 
this  system  with  other  parts  of  the  brain  (  14,72  )  much 
remains  to  be  learned  about  the  nature  and  neurophysio¬ 
logical  significance  of  the  arousal  process  itselfo 
Perhaps  one  of  the  most  interesting  and,  at  the 
same  time,  perplexing  of  the  many  phenomena  associated 
with  arousal  elicited  by  the  electrical  stimulation  of 
the  reticular  activating  system  is  the  apparent  reduction 
of  cortical  dendritic  excitibility  as  reported  by  Purpura 
(  66  )  who  attributed  this  reduction  to  an  inhibition  of 
evoked  dendritic  activity.  Similar  observations  have 
been  reported  by  other  investigators „  The  following 
responses  have  been  abolished  or  blocked  by  RAS  stimu¬ 
lation  : 

1.)  the  recruiting  response,  elicited  by  low 
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frequency  stimulation  of  the  nuclei  of  the 
diffuse  projection  system  (  27,60  ), 

2. )  the  augmenting  response,  obtained  by  repeti¬ 

tive  low  frequency  stimulation  of  the  nucleus 
ventralis  posterolateralis ,  posteromedial  is , 
or  the  nucleus  ventralis  lateralis  (  33  ) , 

3. )  spontaneous  pyramidal  discharge  and  associ¬ 

ated  spindle  bursts  (  19  )  and  strychnine- 
induced  spikes  (  3,5,50  )  or  convulsive 
waves  (  4,87  ), 

Magoun  (  54  ) ,  citing  the  work  of  Gauthier,  Parma nd , 
and  Zanchetti  (  33  ) ,  suggested  that  this  reduction  or 
abolishment  of  cortical  responses  occurred  at  a  sub¬ 
cortical  level.  However,  the  work  of  Desmedt  and  La 
Grutta  (  25  )  showed  that  with  RAS  stimulation,  the 
cortical  evoked  response,  elicited  by  a  click,  disappear¬ 
ed  while  the  evoked  response  in  the  medial  geniculate 
body  persisted.  Their  work  suggested  that  the  block  of 
afferent  impulses  had  to  take  place  at  the  cortical  level. 

To  explain  the  apparently  inhibitory  effects  of  RAS 
stimulation,  various  invest igators  have  brought  forth 
theories  implicating  active  inhibitory  processes  (  6, 
28,30,37,65-67,69  ).  These  theories  have  been  supported 
by  little  evidence  and  have  been  open  to  much  criticism. 
However,  a  theory  to  explain  the  inhibitory  effects  of 
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RAS  stimulation  has  been  proposed  by  one  investigator 
which  would  not  postulate  an  active  inhibitory  mechanism 
at  the  cortical  level  and  which  would  be  in  agreement 
with  the  observations  of  various  investigators  (  13,29 
48  )  who  have  demonstrated  that  cortical  unit  discharges 
increase  during  wakefulness  or  arousal.  This  investi¬ 
gator,  F<>  Bremer  (  7-13  ),  has  utilized  the  classical 
concept  of  heterosynaptic  convergence  on  neurones  (  42, 
75,76  )  of  the  subliminal  fringe  to  explain  the  facilita- 
tory  effect  of  RAS  stimulation  on  cortical  evoked  poten¬ 
tials  elicited  by  stimulation  of  the  lateral  geniculate 
body.  He  used  the  concept  of  occlusion  (  21,76  )  to 
explain  the  abolishment  of  the  recruiting  and  augmenting 
responses  by  postulating  that  RAS  stimulation  lead  to 
the  recruitment  of  ail  available  units  in  the  subliminal 
fringe,  and  by  so  doing,  allowed  no  possibility  of  tempo- 
rai  summation.  Finally,  he  invoked  the  concept  of  tempo¬ 
ral  dispersion  (  1  )  to  explain  the  reduction  of  the 
spontaneous  pyramidal  discharge  and  associated  spindle 
bursts  and  the  strychnine-induced  spikes  and  convulsive 
waves.  Citing  the  work  of  Brookhart  and  Zanchetti  (  15  ) 
and  Purpura  (  69  ) ,  he  stated  that  "  the  temporal  dis¬ 
persion  of  thalamocortical  impulses  in  arousal  desyn¬ 
chronization  would  result  in  the  blocking  of  the  spindle 
waves  with  their  associated  discharges  and  in  a  reduction 
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of  the  responsiveness  of  the  corticospinal  and  other 
efferent  cortical  neurons.  ” 

In  the  preceding  paragraphs,  it  has  been  pointed  out 
that  RAS  stimulation  resulted  in  the  abolishment  or  re¬ 
duction  of  various  cortical  responses.  It  is  of  interest 
to  see,  regardless  of  the  underlying  mechanism(s) , 
whether  or  not  RAS  stimulation  would  similarily  suppress 
seizure  activity  induced  by  the  injection  of  Metrazolo 
At  this  time  then,  it  would  be  well  to  consider  whether 
or  not  the  RAS  is  functionally  intact  during  Metrazol- 
induced  seizure  activity,  for  it  is  logical  to  assume 
that  the  effectiveness  of  RAS  stimulation  is  dependent 
on  the  functional  integrity  of  this  brain  stem  structure* 
Some  evidence  is  available  that  lends  support  to  the 
view  that  the  RAS  is  intact* 

Starzl  and  others  (  82  ) ,  in  a  careful  study,  have 
presented  evidence  that  in  Metrazol-induced  seizures, 
the  cortex  and  the  sensory  relay  nuclei  of  the  thalamus, 
in  the  intact  animal,  are  the  primary  sites  of  seizure 
activity  whereas  the  rest  of  the  subcortical  structures 
are  relatively  unaffected.  In  particular,  these  investi¬ 
gators  stated  that  M  in  the  mesencephalic  tegmentum, 
a  region  normally  characterized  by  fast  activity, 
seizures  could  also  be  recorded  but  here  failed  to  block 
out  the  normal  background  discharge*  " 
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gators  went  on  to  say  that  "  with  the  onset  of  the  clonic 
stage,  high  frequency  discharge  was  as  good  as  ever,  ” 
Although  not  directly  supporting  the  view  that  the 
RAS  is  intact  during  Metrazol-induced  seizure  activity, 
the  work  of  Hugelin  and  Bonvallet  (  22,38-41  )  suggests 
that  this  view  may  be  tenable.  These  investigators  have 
demonstrated  that  the  cerebral  cortex  exerts  a  continuous 
descending  influence  on  the  brain  stem  reticular  for¬ 
mation.  In  fact,  they  have  observed  that  the  greater 
the  activity  of  the  cortex,  the  greater  was  the  dampen¬ 
ing  effect  on  the  reticular  formation.  These  observations 
are  of  great  interest,  since  in  Metrazol-induced  seizures, 
the  cortex  is  highly  active  (  62  )  <, 

In  summary,  electrical  stimulation  of  the  caudate 
nucleus  and  of  the  mesencephalic  reticular  activating 
system  has  been  implicated  in  the  suppression  of  corti¬ 
cal  responses o  It  is  the  purpose  of  this  investigation 
to  see  whether  or  not  electrical  stimulation  of  these 
two  structures  will  similarily  result  in  the  suppression 
or  alteration  of  Metrazol-induced  seizure  activity. 
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Material  and  Methods 


Acute  and  chronic  experiments  were  carried  out  using 
healthy  adult  cats  of  both  sexes  weighing  between  6-8 
pounds . 

Chronic  cats  were  first  anesthetized  with  Nembutal 
(  30-40  mgo/kg.  )  given  intrahepatically  and  then  mount¬ 
ed  in  the  Horsley-Clark  stereotaxic  apparatus.  The  head 
was  shaved  and  prepped  with  Phisohex  and  Zephiran.  A 
midline  incision  was  made  and  the  skin  and  muscles  re¬ 
tracted  to  one  side.  Hemostasis  was  obtained  by  caut¬ 
erization.  After  the  course  of  the  electrode  had  been 
determined,  a  hole  was  drilled  in  the  skull  and  the  dura 
divided  to  permit  the  undisturbed  passage  of  the  electrode 
to  the  predetermined  subcortical  site.  Cortical  electrodes 
were  placed  under  direct  vision  on  the  anterior  and/or 
posterior  sigmoid  gyri. 

All  electrodes  were  held  in  place  by  means  of  dental 
cement o  The  wires  from  the  various  electrodes  were  then 
soldered  to  a  15-terminal  Cannon  plug.  This  plug  in  turn 
was  anchored  to  the  skull  by  four  screws  which  were  firm¬ 
ly  seated  in  the  calvaria.  An  uninsulated  stainless  steel 
wire  was  attached  to  the  four  screws  and  served  as  the 
ground. 

During  the  operation,  estimated  blood  loss  was  re¬ 
placed  by  D-5-W.  At  the  conclusion  of  the  operation,  the 
wound  was  closed  with  gut  (  subcutaneous  )  and  silk 


git  i  an  Sue  919  .sftar'i^qxs  oidoido  bus 

6-d  ri99wJ*d  j|ni/t3» C9nr  eaxse  rij’od  1o  g^a  tiuba  lilasif 

.el  •  -  t  vq 

iirt:  •  ■  ; 

•io  bn*  .  . 

.  •  10  s>if$  ii  fee 

.  •'-'■!  •  •  *•■  •  *©:•*•«  t  ’’J  i»:  h?>tjr  km.  •■MVi-rif*  row 

ftn-  n t  ig.  >ub  obsis  row  noigiDiix  diiiibii 


■ 


boT i 99 i 9 


■  •  .  .  .  ;  .,  | 

LUtAe  9fit  it  i  fail  I  '  .  Loi  .  ,  'siiR'ia  !; 

•  ; '  ;i  &■■'  j  oi  bobivib 

..ort-io.'-'  ij.oiJ  ic  :• ’.-R  ddi  oX 

i  \t  i  >  <  •  X  a9*i  i  l»  *£9jt>QL  b>3jsiq  9*591? 


.  •/  •  Yi'oifc^ia  'joi'Ts.teoq 

oo'.c  IT  i  ij  :  ‘j ft  Old  's.  H9foO*1  tool©  IX/, 


-•*  t«i»#  r*000'l  j  O'vla  Bt:ft 


Mj. ;.'!oM:.j  (  oX  bdidMoa 


— »nil  'j'l  ■ 1  ••jidw  hk 

>  *J  t)9l'l9<i  bin. 


t  u  l  imsa  y.-ii  oi  •  triodoojp  m&w 

-  '  ' '  ■'  '  :  :)•  .'Hits,  ;,.l 

oj  bodooXiB  bow  9*1  iw 


.  ■ .  > ;  -  >  ,• 


1 

■i.  Xfnoqc 

9tfX  1| 

:>  i.  iue 

*tj  lo  no  I H It  l OflO 3 

X* 

• 

y..;  Ls9  3>:ilq 

• .  i»  i  • 

-16- 


(  skin  )  sutures,  300,000  u.  of  A-P  Biciilin  were  then 
injected  intramuscularly. 

Acute  animals  were  prepared  under  ether  anesthesia. 

A  tracheotomy  was  performed,  and  the  animal  then  placed 
in  the  stereotaxic  apparatus.  The  left  forepaw  was  clear¬ 
ed  of  hair  by  the  use  of  a  depilatory  (  Nair  )  and  wiped 
with  alcohol.  A  21  ga.  scalp  vein  needle  was  introduced 
into  the  antecubital  vein  and  taped  into  place.  Flaxedil 
(  4  mg. /kg.  )  was  given  intravenously,  and  the  animal 
was  subsequently  maintained  on  artificial  ventilation. 

A  Rubin  valve  was  used  in  conjunction  with  the  Stoelting 
respirator  in  order  to  decrease  outflow  air  resistance. 

At  this  point,  2%  Procaine  solution  with  epinephrine 
was  injected  into  all  pressure  points  and  wound  margins 
and  routinely  reinfiltrated  at  1.5-2  hour  intervals.  The 
rest  of  the  procedure  was  the  same  as  that  previously 
described  for  chronic  animals  with  the  exception  that  a 
Cannon  plug  was  not  used.  Following  electrode  implanta¬ 
tion,  acute  preparations  were  placed  in  a  Lehigh  Valley 
Cat  Box  and  connected  to  the  various  recording  and 
stimulating  instruments. 

Chronic  animals,  after  a  one  week  recovery  period, 
were  immobilized  with  Anectine  (  0.5  mg. /kg.  )  given 
intrahepatically .  An  18  French  Foregger  endotracheal 
tube  (  cuffed  )  was  passed  into  the  trachea  and  the  ani- 


.  ■  |J 

.  !  in  I/s  ozwtani  ■  ■ h •*  3  ri*„  !  «  i 

.  j  ‘j  *191  .  '.*•»«»  1  r,  3  !  J,.- ,  i 'v.Vj/3/-. 

j  -  ’  ,  •  :  :  v;  '  ■-*••• 

i  fifjq  oi/ii)o9i9i8  ni 

.•f  1  t i )  vmo  j  *li  trod  /.•  .o  o a f j  /d  *r  si-id  lo  bo 

•:  i  *>  v  :>*fjoe  .  v  i  i;  ft  .  j  odor?  1b  Hlinr 

.  ■•«  (<  oiui  *  ;trs  criov  5^..1  i./izioolmi  oi'/ii 


. 

...  •  •  .  •  .  •  •. 

aaw  ( 

.  .  H  1 

) 

.  HO  .  !  ! 

f>v  Laic* 

•  '  '  "  O  i.  ,i.  '  •:  :  ' 

'{lifts 

niii  •♦/»  ic 

0«* 

i  iMf 

.’o  i  1  •>iTifirnoo  r»  i  !i04h 

«BW  sv 

i.v  nxduM 

A 

.  .  i  -  i  ■'  ■  ■  ■/  I  •  >, '  .••••• 

‘ *  ■>  i  »»• ;  a  sn  1  J , 

"  ■  •  1  lie  Oitti  b9t 990>j  Ri  V 

•  ’  "  ■  -  .  aii  Lnaisi  Yi*ycixif:oT  b/u* 

■J  ?/>  •  -\'.H  1  2»n:i  odvt  lo 

i  Mu  so  t  f!J  i  ?.  I  »'»>  o  i  n '.*!<*:>  iol  boi  no9$f) 
'  •  i  -  :  ;  o  1. .!  n‘  i  .  ••••■  jcci  ■  nn  01 

ilq  9‘  ■  ;  a  f  ioj 

.  i  ;•  /  9  :•)  0.1  ;i-2rfin£>0  fr/Ifi  xofJ  Jb’J 

•  '•■hi  •  .•»  i  >.<  iJ  iii j  ® » J  h 

•  • 

-•’1  81  ...  .xilfiailftqerfBiJfti 

'  1  * i  ‘jn'j  •  j-  i  bOBRM'  <3«w  (  fcoltuo  )  adu3 


-17- 


rn  a  1  started  on  artificial  ventilation.  A  21  ga.  scalp  vein 
needle  was  introduced  into  the  left  antecubital  vein.  When 
the  animal  showed  some  voluntary  activity,  Flaxedii  (  4 
mg. /kg.  )  was  administered  intravenously.  At  this  time, 
the  preparation  was  removed  to  the  Cat  Box  and  connected 
to  the  various  recording  and  stimulating  instruments.  At 
the  conclusion  of  the  experiment,  chronic  animals  were 
given  Tensilon  (  3  mg.  )  diluted  to  2  nils,  with  sterile 
saline  once  they  showed  signs  of  voluntary  activity  and 
were  then  taken  off  of  artificial  ventilation. 

Once  the  preparations,  both  chronic  and  acute,  were 
in  the  Cat  Box,  control  recordings  were  obtained  from 
cortical  and  subcortical  sites.  Subsequently,  Metrazol 
(  25  mg. /kg.  ),  diluted  to  25  mg. /ml.  with  sterile  nor¬ 
mal  saline,  was  rapidly  given  intravenously  and  the  en¬ 
suing  seizure  recorded. 

0.0064"  Teflon-coated  stainless  steel  wire  was  in¬ 
serted  into  26  ga.  stainless  steel  tubing  cut  to  the 
appropriate  length  and  held  in  place  by  an  epoxy  cement. 
The  whole  assembly  was  insulated  by  dipping  it  three 
times  into  Insulex  and  twice  into  Tygon  rubber  paint, 
allowing  the  electrode  to  dry  completely  after  each 
dipping.  The  wire  was  then  cut  so  that  it  projected  1- 
1.5  mm.  from  the  end  of  the  tubing.  A  small  area  of  the 
tip  of  the  wire  and  tubing  was  then  cleared  of  insulation 
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so  that  the  exposed  tip  was  separated  from  the  exposed 
end  of  the  tubing:  by  a  distance  of  1  mm. 

Twisted  bipolar  electrodes  made  with  0.0064"  Form- 
var-coated  stainless  steel  wire  were  also  used  but  prim¬ 
arily  for  recording:,  since  stimulus  artifact  appeared  to 
be  greater  when  this  type  of  electrode  was  used  for  stim¬ 
ulating:  purposes.  Twisted  bipolar  cortical  electrodes  were 
made  with  the  tip  projecting:  1-1.5  mm.  from  the  circular 
or  semi-circular  portion  which  rested  on  the  cortex. 

Both  concentric  and  twisted  bipolar  electrodes  were 
carefully  tested  for  breaks  in  the  insulation. 

Depth  electrodes  were  s tereotaxically  directed  to¬ 
ward  various  subcortical  sites  including  the  head  of  the 
caudate  nucleus,  nuclei  ventralis  anterior  and  medialis 
of  the  thalamus,  and  the  nucleus  reticularis  mesencepha- 
li.  The  stereotaxic  atlas  of  Fernando  Reinoso-Suarez 
(  71  )  was  used  as  an  anatomical  guide  for  electrode 
placement . 

Ink  recordings  of  the  electrical  activity  of  the 
brain  were  made  by  the  use  of  a  Grass  Model  IXIA 
Electroencephalograph.  The  emergency  all-channel  de¬ 
amplifier  was  used  whenever  seizure  activity  amplitudes 
became  excessive.  A  502A  Tektronix  dual-beam  oscilloscope 
was  used  for  observing  fast  electrical  events  as  well 
as  to  monitor  the  stimuli  delivered  to  the  preparation. 
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When  the  signals  were  obtained  directly  from  the  prepa¬ 
ration  rather  than  from  the  amplifiers  of  the  EEG 
machine ,  a  Grass  P9  preamplifier  was  used  to  amplify 
these  signals  prior  to  their  arrival  at  the  oscilloscope. 
Stimulation  was  obtained  from  a  Grass  S4  stimulator  op¬ 
erating  through  a  Grass  SIU4  stimulus  isolation  unit. 

A  C-19  Tektronix  Polaroid  camera  system  was  used  to 
photograph  single  and  superimposed  sweeps  of  the  cathode 
beam  across  the  face  of  the  oscilloscope.  A  Knight  audio 
amplifier  was  used  to  deliver  clicks  through  the  speaker 
in  the  Lehigh  Valley  Cat  Box. 

When  an  animal  was  to  be  sacrificed,  3  mis.  of  Nem¬ 
butal  (  100  mg. /kg.  )  were  given  intravenously.  Then, 
using  one  of  the  electrodes  as  the  anode  and  attaching 
the  cathode  end  to  the  rectum,  a  D.C.  current  of  approx¬ 
imately  3  m.a.  was  passed  into  the  brain  for  a  1  min. 
period.  After  all  subcortical  electrode  sites  were  mark¬ 
ed  by  passage  of  a  D.C.  current,  the  thoracic  portion 
of  the  aorta  was  exposed  and  clamped,  and  the  superior 
vena  cava  divided.  200  mis.  of  5%  potassium  ferricyanide 
solution,  followed  by  200  mis.  of  normal  saline  and 
200  mis.  of  10%  formalin  solution,  were  infused  through 
an  18  ga.  needle  inserted  into  the  left  ventricle.  The 
head  was  then  removed  and  stored  in  10%  formalin  solu¬ 
tion  for  at  least  two  weeks.  During  this  two  week  period 
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the  formalin  solution  was  changed  at  least  2-3  times 0 
Histological  examination  to  confirm  electrode  sites  were 
performed  where  feasible  and  possible. 
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III.  EXPERIMENTAL  RESULTS 
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Results 


Preliminary  experiments  were  performed  in  order  to 
study  and  evaluate  cortical  responses  resulting:  from 
single  pulse  and  high  frequency  stimulation  of  the  caud¬ 
ate  nucleus  and  to  determine  a  uniformly  effective  dose 
of  Metrazol  for  eliciting  seizure  activity. 

Single  pulse  stimulation  (  10  V. ,  0.1  msec,  dura¬ 
tion  )  of  the  caudate  nucleus,  in  Nembutal-anesthetized 
preparations  (  30  mg. /kg.  )  elicited  a  2  msec,  latency 
evoked  potential  followed  by  an  electrically  quiet  period 
of  approximately  150-180  msec,  duration.  This  quiet  peri¬ 
od,  in  turn,  was  followed  by  a  series  of  high  voltage 
oscillations  (  150-200  jiV.,  peak-to-peak  )  at  a  frequency 
of  8-12/sec.  and  usually  lasting  from  1.5-2  sec  (  fig,  1  ). 

Single  pulse  stimulation  of  the  head  of  the  caud¬ 
ate  nucleus  in  unanesthetized,  alert  preparations  lying 
quietly  in  the  recording  box  also  elicited  a  similar 
response  pattern  (  fig.  2  ).  However,  stronger  stimuli 
were  required  (  10  V„,  1.0  msec,  duration  )  and  the 
oscillations  were  fewer  in  number  (  figs.  3-5  )  although 
the  frequency  remained  about  8-12/sec.  If  stimulation 
was  administered  at  the  rate  of  I  pulse  every  2  seconds 
over  a  10-15  minute  period,  slow  wave  activity  suggestive 
of  drowsiness  or  sleep  appeared  in  the  cortical  leads. 
However,  it  was  not  possible  to  attribute  the  change  in 
the  recording  to  caudate  stimulation,  since  the  same 
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Legend 


RoA.SigoCx. oo.o. ..oc. .oo.»o .right  anterior  sigmoid  gyrus 


L. A. Sig.Cx. ...... . . deft  anterior  sigmoid  gyrus 


R.Cau.... . ............. .head  of  right  caudate  nucleus 


L « Cau ...... .......... ..... ..head  of  left  caudate  nuc 1 eus 


R.NVA. 


right  nucleus  ventralis  an- 
terior 


L.NVAo . ......left  nucleus  ventralis  an¬ 

terior 

L.NVM. . .left  nucleus  ventralis  medi¬ 

al  i  s 

L.MRF. . . .left  mesencephalic  reticular 

formation 


Figs.  9,11-14. ..... o .. .Heavy  horizontal  bar  at  bottom 

of  ink  recording  indicates 
duration  of  high  frequency 
stimulation. 


Figs.  3-14. .... . ..... o .Vertical  bar  at  right  hand 

margin  of  each  channel  in¬ 
dicates  sensitivity. 

Horizontal  bar  at  bottom  of 
right  hand  margin  indicates 
1  second. 
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Nembutal~anesthetiz®d  preparation  (  30  mgtt/kgt  )6  Single  pulse  (  10  V,,  1  msec,,  )  stimulation  of  head 
of  right  caudate  nucleus  (  each  pulse  of  stimulation  indicated  by  vertical  arrow  at  bottom  of  tracing  ) 
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Lg.  2  Unanesthetized,  unrestrained  preparation  lying  quietly  in  the  Cat  Box*  Single 
pulse  stimulation  (  10  V0 ,  1  msec*  )  of  head  of  right  caudate  nucleus  while 
recording  from  the  right  anterior  sigmoid  gyrus0 
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K.Cau 


Unanesthetized,  unrestrained  preparation.  Animal  is  alert  and  looking  around.  Figures  3,  4,  and  5  were  ob 
tained  in  succession  from  the  same  preparation.  Single  pulse  stimulation  (  10  V, ,  1  msec,  )  of  head  of 
right  caudate  nucleus. 
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Fig.  4  Unanesthetixed,  unrestrained  preparation.  Animal  lying  down  with  eyes  closed*  Single  pulse  stimulation 
(  10  V.,  1  msec.  )  of  head  of  right  caudate  nucleus. 
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Fig.  5  Unanesthetized,  unrestrained  preparation.  Cat  apparently  asleep.  This  recording  was  made  approximately 
15  minutes  after  the  animal  was  first  placed  in  the  Cat  Box,  Single  pulse  stimulation  (  10  V, ,  1msec, 
of  head  of  right  caudate  nucleus. 
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cat  lying  in  the  recording  box  for  an  equal  period  of 
time  but  not  being  stimulated,  also  tended  to  go  to 
sleep  o 

High  frequency  stimulation  (  5  V„,  0.1  msec,  dura¬ 
tion  )  of  the  head  of  the  caudate  nucleus  in  Nembutal- 
anesthetized  preparations  resulted  in  a  change  from 
a  slow,  high  amplitude,  somewhat  synchronous  electrocorti- 
cographic  (  ECG  )  recording  characteristic  of  sleep  to 
one  of  low  voltage,  fast  activity »  In  alert,  unrestrain¬ 
ed  preparations  sitting  quietly,  high  frequency  stimu¬ 
lation  resulted  in  the  cat  turning  its  head  to  the  side 
opposite  the  stimulated  caudate  in  a  somewhat  inquiring 
manner.  The  cat  did  not  appear  to  be  experiencing  any 
discomfort  at  the  stimulation  parameters  used. 

After  this  initial  period  of  study  and  evaluation 
of  the  cortical  response  to  caudate  nucleus  stimulation, 
chronic  animals  were  given  various  dosages  of  Metrazol 
in  an  attempt  to  establish  a  uniformly  effective  dose 
for  eliciting  seizure  activity.  It  was  finally  deter¬ 
mined  that  if  a  dose  of  25  mg. /kg.  was  administered 
intravenously  to  a  cat,  continuous  seizure  activity 
lasting  for  15-30  minutes  would  result  in  each  instance, 
although  lower  doses  were  effective  in  most  but  not  all 
instances.  Therefore,  in  all  animals  used  in  the  seizure 
experiments,  the  dosage  of  Metrazol  was  25  mg. /kg. 
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Metrazol  Seizures 

In  both  acute  and  chronic  preparations,  a  control 
ECG  recording  was  obtained  prior  to  any  experimental 
manipulation.  Then,  with  all  recording  devices  function¬ 
ing,  the  animals  were  rapidly  given  Metrazol  intravenous¬ 
ly. 

Analysis  of  the  resulting  cortical  seizures  made 
it  clear  that  each  seizure  episode  could  usually  be 
broken  down  into  four  fairly  distinct  stages  (  figs.  6- 
8  )0  Approximately  6  sec.  after  the  injection  of  Metra¬ 
zol,  sporadic  discharges  appeared  in  all  leads  but  were 
more  prominent  in  the  cortical  leads.  These  discharges 
were  of  complex  and  variable  pattern  and  possessed  large 
voltages  (  Stage  I  ).  Gradually,  the  frequency  of  dis¬ 
charge  increased  until  a  maximum  of  10-18/sec.  was 
reached.  This  stage  (  Stage  II  )  was  characterized  main¬ 
ly  by  fast,  spiking  activity  with  maximum  cortical  amp¬ 
litudes  reaching  2.1  mV.  Gradually,  the  frequency  of 
discharge  fell  off  to  about  9-11/sec.  and  the  spiking 
activity  was  replaced  by  slower  and  more  regular  waves 
(  Stage  III  ).  The  frequency  of  discharge  slowed  even 
more  to  about  3-5/sec.  and  complex  and  variably  shaped 
waves  of  large  amplitude  made  their  appearance  (  Stage 
IV  ).  Finally,  all  activity  in  all  leads  subsided  abrupt¬ 
ly  and  a  period  of  relative  iso-electricity  of  variable 
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Fig.  6  Unanesthetized »  paralysed  preparation.  Met razol -induced  (  25  mg./kg.  )  seizure  activity.  Note  waxing  and 
waning  of  seizure  activity  in  L.NVA  and  L.NVM  leads® 
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length  ensued.  This  seizure  pattern  occurred  over  and 
over  for  15-30  minutes  after  a  single  injection  of  Metra- 

zol . 

Examination  of  the  recordings  from  subcortical 
structures  revealed  activity  of  a  different  nature  than 
that  seen  in  the  cortex.  Though  the  subcortical  struc¬ 
tures  were  involved  by  the  initial  sporadic  discharges 
seen  in  the  cortex,  the  subsequent  activity  recorded 
from  these  sites,  in  most  instances,  was  relatively 
independent  of  cortical  activity  during  the  remainder  of 
the  seizure  episode.  This  dichotomy  between  cortical  and 
subcortical  activity  was  most  conspicuous  in  the  thalamic 
and  mesencephalic  reticular  formation  leads. 

The  nucleus  ventral is  anterior  and  the  nucleus 
ventralis  medial is,  though  exhibiting  obviously  height¬ 
ened  amplitudes,  frequently  demonstrated  activity  that 
waxed  and  waned  and  which  appeared  to  be  independent  of 
changes  occurring  elsewhere  (  figs.  6,7  ).  In  the  later 
stages  of  each  seizure  episode  (  Stage  IV  ),  the  activity 
of  these  structures  appeared  to  be  somewhat  more  in  phase 
with  the  cortex. 

The  caudate  nucleus  participated  in  seizure  activity 
to  the  greatest  extent  of  all  the  subcortical  structures 
studied  in  this  investigation  (  figs.  6,7  ).  Amplitudes 
in  excess  of  800  pV ,  were  occasionally  recorded  although 
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levels  of  about  500-600  jiV .  were  more  usual.  In  one  ani¬ 
mal,  in  the  seizure  episodes  recorded  soon  after  the 
injection  of  Metrazol,  the  caudate  initially  displayed 
activity  which  suggested  relative  independence  from  the 
activity  recorded  from  the  cortex.  However,  as  time 
went  on,  the  caudate  gradually  became  more  and  more 
involved  and  eventually  demonstrated  fast  spiking  acti¬ 
vity  similar  to  that  seen  in  the  cortex  (  figs,  6,7  )0 
In  general,  however,  the  caudate  did  show  relative  in¬ 
dependence  from  cortical  activity  both  in  waveform  and 
frequency  (  fig.  8  ). 

The  mesencephalic  reticular  formation  frequently 
demonstrated  independence  from  cortical  seizure  activity 
that  was  manifested  in  several  ways  (  fig.  8  ) „  First, 
heightened  activity  only  gradually  appeared  in  this 
structure  in  sharp  contrast  to  the  rapid  onset  of  cort¬ 
ical  seizure  activity.  Second,  fast  spiking,  large  amp¬ 
litude  activity  was  rarely  seen.  Finally,  except  for 
the  increase  in  voltage,  the  electrical  behavior  of  this 
structure  during  cortical  seizures  was  similar  to  the  de 
synchronized  activity  seen  in  the  pre-seizure  control 
recording  from  this  site  both  in  pattern  and  waveform. 
However,  in  the  late  phases  of  each  seizure  episode 
(  Stage  IV  ),  large  amplitude,  complex  waves  appeared 
in  this  structure  (  fig.  8  ). 
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Results  of  Caudate  Nucleus  Stimulation  during  Seizures 

During  the  first  30-40  minutes  after  the  injection 
of  Metrazol,  single  pulse  and  high  frequency  stimulation 
of  the  head  of  the  caudate  did  not  appear  to  exert  any 
discernable  effect  on  seizure  pattern,  duration,  or  amp¬ 
litude  in  seven  out  of  the  eight  cats  used  in  this  portion 
of  the  investigation.  In  one  cat,  however,  high  frequency 
stimulation  of  this  structure  resulted  in  an  approximately 
180  jiVo  decrease  in  seizure  amplitude  of  the  ipsilateral 
cortexo  On  the  "  off  "  of  stimulation,  the  record  promptly 
reverted  to  pre-stimulation  seizure  amplitudes.  No  change 
in  seizure  pattern  or  duration  was  observed  during  or 
after  caudate  stimulation. 

Aside  from  the  above  instance,  the  effects  of  high 
frequency  caudate  stimulation  were  confined  to  the  late 
phases  of  seizure  activity.  30-40  rainutes  after  the  in¬ 
jection  of  Metrazol,  cortical  seizure  activity  was  re¬ 
placed  by  large  amplitude,  slow,  and  irregular  activity 
somewhat  suggestive  of  sleep.  High  frequency  stimulation 
of  the  caudate  at  this  time  effected  a  conversion  of  the 
ECG  recording  to  one  characterized  by  low  voltage,  fast 
activity  (  fig.  9  ).  Initially,  however,  the  cortex 
tended  to  "  escape  "  and  revert  to  pre-stimulation  acti¬ 
vity,  but  as  time  passed,  caudate  stimulation  became 
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more  and  more  able  to  sustain  the  low  voltage,  desynchron¬ 
ized  pattern,, 

Results  of  RAS  Stimulation  during  Seizures 

In  six  out  of  nine  cats  used  in  this  portion  of  the 
investigation,  no  discernable  effect  was  observed  during 
or  following  RAS  stimulation  until  long  after  the  in¬ 
jection  of  Metrazol.  30-40  minutes  after  the  adminis¬ 
tration  of  the  drug,  RAS  stimulation  was  successful  in 
converting  the  then  prevailing  &CG  of  large  amplitude, 
slow,  and  irregular  activity  somewhat  suggestive  of 
sleep  to  one  characterized  by  low  voltage,  fast  activity 0 

In  several  animals,  and  in  one  cat  in  particular, 
interesting  results  obtained  following  mesencephalic 
RAS  stimulation  during  the  first  30-40  minutes  after 
the  injection  of  Metrazolo  In  one  cat,  a  50%  diminution 
in  the  seizure  amplitude  of  the  ipsilateral  cortex  was 
observed  during  right  mesencephalic  RAS  stimulation 
(  5  Vo,  Ool  msec,  duration,  300/seCo,  figs.  10,11  )» 

With  stimuli  of  increased  strength  (  7-15  V« ,  0„l-0o4 
msec,  duration,  300/sec.  )  more  marked  changes  began  to 
appear  in  the  contralateral  leads  (  figs,  12-14  ) „  It 
was  observed  that  by  gradually  increasing  the  frequency 
of  stimulation  to  300/sec.  and  by  increasing  the  voltage 
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Fig*  10  Unanesthetized,  paralysed  preparation*  Met razol "induced  (  25  rag, /kg*  )  seizure  activity.  Figures  10-14 
were  obtained  from  the  same  cat.  See  text  for  details. 
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Fig0  11  Unanesthetized,  paralysed  preparat  ion «,  Metrazol -induced  {  25  mg, /kg,  )  seizure  activity.  Note  reduction 
of  seizure  amplitude  in  R,A,Sig,  Cx,  lead  during  right  mesencephalic  RAS  stimulation. 


3 

r  1. 

*■* 

■ 

C' 

o 


tj 

O  »-»« 
«->•  M 
<-t  u 
;n  »; 


e: 

M  il 

!*-»  «• 
<17 

CV  W 

» 

b*t'  ,\*J 

' 

'A  3 

u 

.3  CVi 

<*  n 

t/;  W 


n.  cr 
>••  3 

I 

►-» 
-,.  a 
<4  n 

<■+ 

g*  ° 

j)  ■-» 


• 

: 

U  t-S- 

*  ..> 

40  CJ 

3 

;... 

Hp 

• 

5  cr 

9»  f-« 

w* 

IP  t* 

.  -I 

r  1*  ’V 

3  i 

tv  m 


-28 


to  15  Vo ,  a  maximal  degree  of  amplitude  reduction  was  ob¬ 
tained.  (  Above  15  V.,  stimulus  artifact  became  more  and 
more  obtrusive o  )  Maximal  reduction  occurred  in  the  corti¬ 
cal  leads  where  usual  seizure  amplitudes  ranged  from  1<,5 
mV®,  peak-to-peak.  During  RAS  stimulation,  such  amplitudes 
fell  to  approximately  750  jiM a  It  should  be  pointed  out 
that  such  marked  reductions  occurred  in  only  one  prep¬ 
aration.  Maximal  reductions  in  the  other  two  prepara¬ 
tions  were  of  the  order  of  150-200  yuV.  and  occurred  ipsi- 
lateral  to  the  side  (  right  or  left  )  of  the  RAS  stimu¬ 
lated. 

If  RAS  stimulation  was  begun  during  the  fast  spiking 
phase  (  Stage  II  )  and  turned  off  almost  immediately,  there 
was  no  change  in  the  seizure  waveform  or  frequency,  al¬ 
though  a  reduction  in  amplitude  was  obtained.  However, 
if  stimulation  was  continued  over  a  longer  period  of  time, 
it  was  observed  that  at  the  "  off  ”  of  stimulation,  the 
seizure  pattern  changed  from  a  fast  spiking  phase  to 
another  phase  characterized  by  large  amplitude,  slower, 
and  more  desynchronized  activity  (  fig.  13  ) „  It  was 
difficult  to  determine  whether  the  seizure  had  just  pur¬ 
sued  its  usual  course  and  had  entered  a  slower  stage  or 
whether  RAS  stimulation  had  actively  wrought  a  change  in 
the  usual  course  of  the  seizure.  Even  careful  inspection 
of  the  different  portions  of  the  recording  was  not  help- 
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Fig®  12  Unanesthetized,  paralysed  preparation®  Metrazol-induced  (  25  ing./kg,  )  seizure  activity®  Note  the  re« 
duction  of  seizure  amplitude  and  the  change  in  waveform  and  frequency  of  discharge  in  the  L„A®Sig®  Cx 
and  L,NVA  leads  during  right  mesencephalic  RAS  stimulation® 
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ful  in  deciding  one  way  or  the  other. 

High  frequency  stimulation  of  the  RAS  begun  in  the 
waning  moments  of  each  seizure  episode  (  Stage  III,  IV  ) 
and  continued  for  a  short  time  brought  about  a  change  in 
waveform  and  frequency  of  discharge  (  figs.  12,13,14  )0 

High  frequency  stimulation  of  the  RAS  begun  during 
the  preceding  post-ictal  silence  and  continued  for  at 
least  1-2  minutes  failed  to  prevent  the  onset  of  more 
seizure  episodes.  However,  those  seizure  episodes  occurr 
ing  during  the  period  of  RAS  stimulation  did  demonstrate 
a  diminution  of  amplitude. 

It  should  be  pointed  out  that  following  right  mes¬ 
encephalic  RAS  stimulation,  initial  changes  appeared  in 
the  ipsilateral  cortex  (  fig.  11  )»  As  time  passed  and 
as  a  slightly  stronger  stimulus  was  applied,  changes  in 
the  contralateral  leads  began  to  appear  (  figs.  12,  13  ) 
And  finally,  long  after  the  administration  of  Metrazol , 
high  frequency  stimulation  of  the  RAS  brought  about 
changes  in  both  the  ipsilateral  and  contralateral  leads 
(  fig.  14  )<> 
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Fig.  13  Unanesthetized,  paralysed  preparation.  Metrazol -induced  (  25  mg. /kg.  )  seizure  activity. 
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FigQ  14  Unanesthetis®ds  paralysed  preparation,  Metrazol -induced  (  25mg./kg,  )  seizure  activity.  This  seizure  epi¬ 
sode  was  recorded  approximately  30  minutes  after  the  intravenous  injection  of  Metrazol,  Note  the  reduction 
in  seizure  amplitude  and  the  change  in  waveform  and  frequency  of  discharge  in  all  leads. 
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IV.  DISCUSSION 
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Discussion 


The  preliminary  experiments  performed  in  this  in¬ 
vestigation  of  the  caudate  nucleus  confirmed  the  ob¬ 
servations  of  Shimamoto  and  Verzeano  (  77  )  concerning 
the  cortical  response  to  single  pulse  and  high  frequency 
stimulation  of  the  caudate  nucleus  in  Nembutal-anesthe¬ 
tized  preparations*  In  unrestrained,  unanesthetized 
animals,  relatively  stronger  stimulation  was  required 
in  order  to  elicit  spindle  bursts  than  in  anesthetized 
animals.  This  observation  is  in  accord  with  the  findings 
of  Buchwald  et  al .  (  16  ).  In  freely  moving  chronic  ani¬ 
mals,  high  frequency  (  35-100/sec.  )  stimulation  result¬ 
ed  in  the  contraversive  head  turning  previously  reported 
by  Forman  and  Ward  (  31  ) . 

Results  of  the  limited  Metrazol  seizure  study  appear 
to  confirm  some  of  the  findings  of  Starzl,  Niemer,  Dell, 
and  Forgrave  (  82  ) .  These  investigators  found  that  with 
the  exception  of  the  initial  sporadic  discharges  which 
appeared  simultaneously  in  the  cortical  and  subcortical 
structures,  the  primary  locus  of  seizure  activity  was 
in  the  cortex.  Subcortical  structures  appeared  to  be 
secondarily  affected  by  cortical  events.  In  addition, 
they  found  that,  in  preparations  where  the  cortex  was 
undercut  and  thereby  isolated  from  subcortical  structures, 
threshold  doses  of  Metrazol  (  15  mg. /kg.  )  provoked 
seizures  in  the  cortex  only  while  the  subcortical  struc- 
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tures  demonstrated  only  "  the  normal,  fast  activity  of 
this  region.  "  Indeed,  in  order  to  provoke  seizure  acti¬ 
vity  in  the  isolated  thalamus,  they  had  to  administer 
massive  doses  on  the  order  of  90-120  mg. /kg. 

The  caudate  occasionally  gave  rise  to  large,  slow 
waves  of  the  type  seen  by  Jung  (  47  ) ,  but  these  waves 
did  not  occur  in  such  a  position  in  time  that  one  could 
be  justified  in  differentiating  them  from  those  waves 
generated  secondarily  by  the  cerebral  cortex.  In  addi¬ 
tion,  the  caudate  consistently  appeared  to  be  the  most 
affected  of  the  subcortical  structures  studied  in  terms 
of  participation  in  seizure  activity.  Spiking  activity 
with  amplitudes  ranging  from  600-800  jiV.  was  recorded 
from  this  structure. 

From  the  above  observations ,  some  doubt  is  cast 
upon  the  functional  intactness  of  the  caudate  nucleus. 

The  disappointing  results  of  caudate  stimulation  could 
be  attributed  to  the  altered  integrity  of  this  structure 
and  the  consequent  impairment  of  its  ascending  inhibitory 
function,  if  any. 

Another  explanation  for  the  poor  results  following 
caudate  stimulation  is  that  the  electrodes  were  not  lo¬ 
cated  in  sites  that  gave  rise  to  inhibition.  Several 
investigators  (  23  )  have  pointed  out  that  not  all  sites 
in  the  head  of  the  caudate  nucleus  produced  what  they 
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considered  to  be  an  inhibitory  effect.  Demestrescu  and 
Deraestrescu  (  23  )  found  that  the  lowering  of  the  stimu¬ 
lating  electrode  by  a  small  distance  resulted  in  the 
loss  of  the  inhibitory  effect.  However,  in  the  course 
of  this  investigation,  4  cats  received  caudate  electrodes 
at  the  coordinates  suggested  by  these  investigators.  In 
these  animals,  caudate  stimulation  did  not  exert  any 
discernable  influence  on  seizure  activity.  Fiirther 
experimentation  to  determine  if  more  critical  electrode 
placement  would  change  the  results  obtained  in  this 
investigation  would  seem  to  be  in  order <, 

As  noted  previously,  mesencephalic  reticular  form¬ 
ation  activity  was  of  a  different  nature  than  that  seen 
in  the  cortex.  Electrical  behavior  in  this  structure 
was  characterized  by  the  gradual  onset  of  heightened 
activity,  lack  of  hypersynchronous ,  spiking  discharge, 
and  by  comparatively  low  voltage,  desynchronized  activi¬ 
ty.  Theses  observations  would  suggest  that  the  reticular 
formation  has  not  been  functionally  disrupted. 

In  the  majority  of  animals,  RAS  stimulation  had 
no  discernable  effect  upon  seizure  activity.  But  in 
three  animals,  and  in  one  cat  in  particular,  reduction 
in  seizure  amplitude  was  obtained  during  RAS  stimulation. 
The  mechanism  by  which  this  reduction  was  brought  about 
was  not  elucidated  by  these  experiments.  Active  inhibi- 
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tion  (  6,28,30,37,65-67,69  )  may  be  involved,  but  at  the 
present,  evidence  for  such  processes  is  scanty,  however, 
of  the  theories  circulating  at  the  present,  Bremer’s 
theory,  which  does  not  require  the  postulation  of  an 
active  inhibitory  process  at  the  cortical  level,  is 
particularily  attractive.  As  discussed  elsewhere,  it 
has  best  explained  some  puzzling  observations  that 
appeared  to  attribute  inhibitory  characteristics  to 
RAS  stimulation. 

The  application  of  Bremer’s  theory  to  explain  the 
reduction  of  seizure  amplitude  obtained  during  RAS 
stimulation  could  be  visualized  as  follows.  The  excessive 
amplitudes  seen  in  seizures  have  been  attributed  to  the 
firing  of  many  cells  in  hypersynchrony  (  32,64  )<>  That 
the  hypersynchrony  observed  is  not  perfect  due  to  some 
degree  of  temporal  dispersion  is  well  accepted  (  32  ) . 

It  seems  reasonable  to  assume  that  if  this  already  im¬ 
perfect  synchrony  could  be  further  disrupted,  a  decrease 
in  amplitude  and  more  desynchronized  activity  could  be 
expected.  For  such  changes  to  be  brought  about  by  RAS 
stimulation,  two  conditions  must  be  fulfilled.  There 
must  be  a  functionally  intact  RAS,  and  the  cortical 
neurons  must  be  responsive  to  reticulocortico  impulses » 
The  functional  state  of  the  RAS  has  been  discussed  pre¬ 
viously. 
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As  to  the  ability  of  the  neurons  to  respond  to 
ret iculocortico  impulses,  it  is  necessary  to  refer  to 
the  microincineration  studies  of  Colfer  and  Essex  (  20  ). 
These  investigators  have  shown  that  there  are  shifts  of 
sodium  ions  into  and  shifts  of  potassium  ions  out  of 
the  cortical  neurons  of  rabbits  who  had  been  given  con¬ 
vulsive  doses  of  Metrazol .  These  two  ionic  shifts  would 
tend  to  reduce  the  resting  potential  of  the  neurons,  thus 
lowering  their  threshold  to  stimulation.  It  appears 
that  the  ionic  shifts  occur  prior  to  seizure  activity 
(  85  ). 

That  a  reduction  in  amplitude  during  RAS  stimula¬ 
tion  obtained  is  then  explainable  by  invoking  the  phenome 
na  of  occlusion  and  temporal  dispersion.  It  is  important 
to  point  out  that  such  a  reduction  in  amplitude  of  the 
ECG  record  does  not  necessarily  imply  a  decrease  in 
neuronal  activity.  It  has  been  shown  that  in  arousal, 
there  is  an  associated  increase  in  neuronal  firing  (  73  ) 
Conseqently,  the  observed  reduction  in  amplitude  during 
RAS  stimulation  may  be  indicative  of  markedly  increased 
rate  of  unit  firing,  even  greater  than  the  rate  of  fir¬ 
ing  prior  to  RAS  stimulation. 

At  the  present  level  of  knowledge  concerning  the 
anatomical  structure  and  the  physiological  functioning 
of  the  RAS,  it  is  difficult  to  explain  the  shift,  during 
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right  mesencephalic  RAS  stimulation,  of  the  reduction 
of  seizure  amplitude  from  the  right  anterior  sigmoid 
cortex  (  fig.  11  )  to  the  left  anterior  sigmoid  cortex 
and  left  NVA  (  figs.  12,13  ).  Later,  RAS  stimulation 
affected  both  sides  (  fig.  14  )«  Such  shifts  would  seem 
possible  but  by  what  pathways  and  mechanisms  are  un¬ 
known  to  this  investigator o 

The  relatively  greater  effectiveness  of  RAS  stimu¬ 
lation  in  Stage  IV  as  compared  to  Stage  II  seems  to  be 
consistent  with  the  observation  that  RAS  stimulation,  in 
general,  is  very  effective  in  the  conversion  of  slow, 
large  amplitude  waves,  as  seen  in  sleep,  to  those  of  low 
voltage,  fast  activity  (  60  ) . 

A  possible  explanation  for  the  failure  of  RAS  stimu¬ 
lation  to  modify  or  completely  eradicate  seizure  activity 
in  ail  instances  is  that  there  is  a  competition  between 
the  effects  of  Metrazol  and  the  effects  of  RAS  stimu¬ 
lation  for  control  of  cortical  neuronal  activity.  Rela¬ 
tive  dominance  of  the  effects  of  Metrazol  would  result 
in  the  unaltered  continuation  of  seizure  activity,  as 
was  most  frequently  seen  in  this  investigation.  Relative 
dominance  of  the  effects  of  RAS  stimulation  would  result 
in  a  change  of  seizure  activity  toward  lower  voltage, 
faster  activity.  The  conditions  leading  to  the  dominance 
of  the  effects  of  one  over  the  other,  aside  from  the  dose 
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of  Metrazol  used  and  the  intensity  and  frequency  of  RAS 
stimulation,  have  not  been  made  clear  by  these  experi¬ 
ments  . 
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VI.  SUMMARY 


??:  "J' 'll?, 


IV 


Summary 


A  limited  study  of  seizures  induced  by  the  adminis¬ 
tration  of  Metrazol  has  revealed  the  relative  independence 
of  certain  thalamic  nuclei  (  nucleus  ventralis  anterior, 
nucleus  ventralis  medialis  )  and  the  mesencephalic  reticu¬ 
lar  formation  from  seizure  activity  seen  in  the  cortex. 

The  independence  of  these  subcortical  structures  was  mani¬ 
fested  by  the  gradual  onset  of  heightened  activity,  lack 
of  hypersynchronous ,  spiking  discharges,  and  by  compara¬ 
tively  low  voltage  waveforms. 

Aside  from  one  instance,  high  frequency  stimulation 
of  the  caudate  did  not  appear  to  have  any  discernable 
effects  on  seizure  duration,  amplitude,  or  waveform.  The 
relative  ineffectiveness  of  high  frequency  stimulation 
of  this  structure  could  be  attributed  to  the  disruption 
of  the  functional  integrity  of  this  nucleus  by  Metrazol- 
induced  seizure  activity,  directly  or  indirectly,  or  to 
placement  of  stimulating  electrodes  in  sites  not  giving 
rise  to  suppression  of  seizure  activity. 

In  three  instances,  RAS  stimulation  brought  about 
a  reduction  in  amplitude  of  seizure  activity  and  in  addi¬ 
tion,  in  the  slower  phases  of  each  seizure  episode  and  in 
the  waning  moments  of  seizure  activity  (  30-40  minutes 
post-injection  of  Metrazol  ),  a  change  in  waveform.  A 
possible  mechanism  by  which  RAS  stimulation  was  able  to 
bring  out  this  reduction  and  change  in  waveform  is  dis- 
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cussedo  It  is  suggested  that  more  refined  techniques  may 
be  helpful  in  more  clearly  defining  the  activity  and  in¬ 
fluence  of  the  mesencephalic  reticular  activating  system 
during  seizure  activity* 
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